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It has become a standard practice for farmers to use a no-till production system where crop residues are
left on the soil surface rather than incorporated into the soil. This practice helps reduce soil erosion,
conserve energy, increase soil moisture, and reduce erosion. However, many plant pathogens survive in
the previous year's crop residue, increasing disease risk in reduced-tillage systems. The effect of tillage on
seed borne diseases has not been objectively evaluated in side by side comparisons of till and no-till
culture. We evaluated the impact of tillage and foliar fungicide on percent seed infection by Phomopsis
Seed Decay (PSD) and Purple Seed Stain (PSS) over 4 years at the Milan Research and Education Center,
Milan, TN. Analysis of variance indicated there was no signiﬁcant difference (P 0.05) in PSD and PSS
infection due to tillage. However, there was a signiﬁcant interaction between fungicide and tillage where
fungicide signiﬁcantly reduced PSD in tilled but not in no-till plots. On the contrary, PSS increased in both
tilled and no-till plots with fungicide application. These results suggest that fungicide programs under
both till and no-till systems may alter the level of severity of these two seed borne diseases and may
require further research to minimize the risk.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
There are several seed borne pathogens that invade soybean
[Glycine max (L.) Merr.]. The most important are Phomopsis long-
icolla, T. W. Hobbs, which causes Phomopsis Seed Decay (PSD) and
Cercospora kukuchii, (Mastsumoto &Tomoyasu) M. W. Gardner,
which causes Purple Seed Stain (PSS) (Hartman et al., 1999). Soy-
bean yield losses in the United States due to PSD and PSS were
estimated to be 8.3  105 tons from 2003 to 2005 (Wrather and
Koenning, 2006).
Phomopsis Seed Decay has become increasingly important in the
mid-south soybean production region of the U.S. since farmers
began using Maturity group (MG) III and IV (Fehr et al., 1971) cul-
tivars in the late twentieth to early twenty-ﬁrst century (Heatherly,
1999). This production practice uses planting of MG V, VI and VII in
April rather than planting in May or June. This is called the Earlyurple Seed Stain.
Mengistu).
access article under the CC BY-NCSoybean Production System, and seed developing during hot and
moist weather enhances PSD development (Bradley et al., 2002;
Hartman et al., 1999; Mengistu et al., 2010; Tekrony et al., 1996;
Zimmerman and Minor, 1993). Seed heavily infected by
P. longicolla are moldy, have lower test weight, greater numbers of
split seeds (Hepperly and Sinclair, 1978) and reduced germination
(Hartman et al., 1999; Heatherly, 1996). However, seed may also be
infected without visible symptoms. Severity of PSD can be accen-
tuated under warm and humid environments, irrigation, and
delayed harvesting (Mengistu et al., 2010). Control of PSD with
deep tillage, fungicide use, and weed management have been
inconsistent and ineffective (Kmetz et al., 1978, 1979; Slater et al.,
1991; Elmore et al., 1998; Bradley et al., 2002). Application of
appropriate fungicides at R3 (beginning pod) and R5 (beginning
seed) growth stages (Fehr et al., 1971) may only be effective in
improving seed quality if ﬁeld conditions are conducive enough for
timely harvest (Mengistu et al., 2010). Phomopsis Seed Decay is
managed primarily by a combination of applying foliar fungicides,
planting disease-free seeds, seed treatment with fungicide, crop
rotation (Mayhew and Caviness, 1994) and harvesting plants at
normal maturity. Seed quality losses occur because heavy infection-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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increased number of moldy and split beans and a lower test weight
(Hepperly and Sinclair, 1978) and also directly affects the value of
seed beans by reducing germination.
Purple Seed Stain (PSS) caused by C. kukuchii is also present in all
areas of the world where soybean is grown and its incidence varies
from year to year, geographical areas and soybean genotypes
(Hartman et al., 1999; Jackson et al., 2005). Although symptoms of
this disease are most conspicuous on seeds, the causal fungus also
produces symptoms on leaves, stems, and pods (Athow, 1973;
Murakishi, 1951; Lehman, 1950; Roy and Abney, 1976). Roy and
Abney (1976) found the highest incidence of PSS occurred from
controlled inoculation at full bloom or early pod stages, but they
also found a high percentage of PSS when inoculations were made
at the beginning of seed development. The amount of purple
discoloration in seed lots is important from a grading standpoint,
and the value of the seedmay be lowered by an excessive amount of
purpling (Grau et al., 2004; Athow, 1973). Cercospora kikuchii is
associated with an increased frequency of ﬁssured seed coats
(Athow, 1973; Murakishi, 1951). The fungus can reduce seed
germination (Athow, 1973; Murakishi, 1951.), but most reports
(Athow,1973; Lehman, 1950; Roy and Abney, 1977) indicate little or
no adverse effect. The incidence of PSD was reported to be reduced
in the presence of PSS (Grau et al., 2004; Roy and Abney, 1976).
However, the incidence of PSS may increase if plants are also
infected with soybean mosaic virus (Koening et al., 2001) or bean
pod mottle virus (Stuckey et al., 1982). PSS was ﬁrst described in
Korea in 1921 and it was reported in the USA in 1925 (Gardner,
1925). Originally, its importance was restricted to the purple seed
discoloration; however, Lehman (1950) observed that inoculated
soybean plants in the greenhouse developed symptoms on hypo-
cotyls, stems, leaves and petioles. Walters (1978) described defo-
liation in soybean plants caused by C. kukuchii and called the
disease Cercospora leaf blight. In the same report, he observed
different reactions among soybean cultivars, reporting that culti-
vars such as Davis and Tracy were less affected than others.
Currently C. kukuchii is associated with three symptoms on soy-
beans: Purple Seed Stain, seedling death and leaf blight (Walters,
1978; Schuh, 1991). The importance of this disease has increased
in all countries where soybean is grown, especially in tropical areas
(Wrather et al., 1997).
Although control of these diseases may be achieved through
genetic resistance (Zimmerman and Minor, 1993; Mengistu et al.,
2010, 2012), very little information is available about the effects
of tillage and fungicide. Fungicides of the strobilurin class are
widely used to control various diseases of soybean. The strobilurin
fungicide pyraclostrobin has been registered to protect soybean
from foliar, seed- and soil-borne diseases. More research is clearly
needed in this area on how strobilurin fungicides interact with
different cropping systems in controlling seed-borne PSD and PSS.
The effect of no-till on soybean diseases may vary with each
disease. No-till systems minimize the amount of soil disturbance
and soil moisture losses due to signiﬁcant surface residues
compared with tilled systems. The historical practice of burying
plant residues has been promoted to reduce the soil-and debris-
born plant pathogens (Boosalis et al., 1981; Phillips, 1999; Tekwa
and Belel, 2009). This has led to cultural practices involving
shallow and deep plowing to bury residue. Since P. longicolla and
C. kukuchii survive in both seed and residue, cultural practices like
tillage are aimed at reducing inoculum-borne residues and assist in
the control of these seed borne diseases. The relatively shallow
tillage in this study (22 cm deep) is representative of more popular
conservation tillage that is acceptable in highly erodible soil areas
of Tennessee.
Tillage practices can inﬂuence disease levels on different crops(Sumner et al., 1981). In one study, reduced tillage and double
cropping of wheat with soybean signiﬁcantly increased southern
stem canker cause by Diaporthe phaseolorum var. meriodinalis F. A.
Fern. (Rothrock et al., 1985). In another study, plots that were no-till
had the greatest disease levels and lowest yields compared to
conventional tilled plots (Holland and Abney,1988). Colonization of
soybean stems and pods by Diaporthe spp. was more prevalent in
continuous soybeans under minimal tillage (Abney and Richards,
1982). Control of PSD with deep tillage, crop rotation, fungicide
use, and weed management has been inconsistent and ineffective.
The objective of this study was to determine if the effect of seed
infectionwith PSD and PSS was reduced on three soybean cultivars
grown under tilled and no-tilled systems with and without appli-
cation of the strobilurin fungicide pyraclostrobin at the R3 and R5
growth stages.
2. Materials and methods
2.1. Field plot design and treatments
A ﬁeld study was conducted from 2007 through 2010 at Milan
Research and Education Center, University of Tennessee, Milan, TN.
This research location has been a center for no-till research since
the 1980's andwas plantedwith continuous soybean. The soil was a
Memphis silt loam (Fine-silty, mixed, active, thermic Typic Haplu-
dalfs). Weeds and insects were managed using the University of
Tennessee recommended products and treatment thresholds
(http://utcrops.com/soybean/index.htm). No-till plots received a
weed control burn-down spray in order to ensure planting into a
weed-free seed bed.
The ﬁeld was divided into three blocks. Half of each block was
tilled and the other half was no-till. Alleys separating plots within
each tillage type were 1.5 m in length. The tilled plots were pre-
pared using a Case IH 500 disk set to cut at a depth of approxi-
mately 11 cm in the initial pass. A secondary pass was made to
provide efﬁcient soil crushing and mixing. This resulted in a ﬁnal
soil tillage depth of approximately 22 cm. The tillage passes were
followed immediately by a Case IH roller harrow to conserve soil
moisture and to ﬁrm-up the seed bed prior to planting. No-till plots
received no pre-planting tillage operations and the desiccated
winter weed residues were left undisturbed.
Soybean seeds were planted at a rate of 12 seeds/m using an
Almaco plot planter equipped with John Deere XP row units on 7
May 2007, 1 May 2008, 18 May 2009, and 13 May 2010. Soybean
plants were irrigated using a center pivot irrigation system
distributing approximately 1.0 cm of water per irrigation event
based on University of Tennessee's MOISTURE scheduler (Devel-
oped by Leib, UT).
Treatments were arranged in a randomized splitesplit plot
design with tillage systems (till and no-till) as the main plots and
soybean cultivars (NKS39K6, Asgrow 4403, and Progeny 5115) as
the subplots. The three cultivars represent MG III, IV and V. The
selected cultivars represent the maturity groups grown in the
Midsouth area and are known to be susceptible to PSD and PSS
(Allen Wrather, personal communication). Hence, this study tested
the effects of tillage and fungicide on these two seed borne dis-
eases, aimed to address any of the differences observed based on
different MGs used by growers. Pyraclostrobin treatments (0 and 2
applications of 0.24 kg/a.i/ha each) were used as subesub plots
with three replications. Each sub-sub-plot consisted of four rows
spaced 76.2 cm apart and 6 m long. Two rows of cultivar Asgrow
4703 were planted between each plot to minimize border effects.
Fungicide applications were made at the R3 and R5 growth
stages (R3-pod set and R5-beginning seed development) using a
Spider sprayer equipped with a broadcast spray boomwith nozzles
A. Mengistu et al. / Crop Protection 72 (2015) 175e181 177set on 50.8 cm centers and ﬁxed to accommodate four 76.2 cm
rows. The sprayer was calibrated for an output of 187 L/ha using
Teejet XRC 11002 extended range ﬂat fan spray tips, a ground speed
of 4.8 km/h, and a spray pressure of 360 kPA. The commercial
formulation of pyraclostrobin (Headline (BASF) Corp Research Tri-
angle Park, NC 27709) was used at a rate of 439 mL/ha (0.24 kg a.i/
ha) with 0.125% surfactant (Induce, Helena Chem. Co., Memphis,
TN).
Soybean seeds were harvested from the two center rows of each
subesub plot and a 0.5 kg seed sample was collected from each
plot. Since the cultivars matured at different times, the plants from
MG III and IV cultivars were hand cut and manually fed into a
Massey Ferguson plot combine (MF 8XP, Kincaid Equipment
Manufacturing Corp., Haven, KS). Seeds from the MG V cultivar
were harvested from the center two rows of each plot using the
same Massey Ferguson 8 XP plot combine equipped with a con-
ventional header with sickle bar cutting knife. One hundred seed
were sub-sampled from each plot for bioassay.
2.2. Weather data
The average minimum and maximum air temperatures, daily
precipitation, and irrigation were recorded at the Research and
Education Center in Milan, TNwhich is part of the National Climatic
Data Center of the National Oceanic and Atmospheric Administra-
tion (NOAA).
2.3. Seed assays to determine seed infection
One hundred seeds from each plot sample were disinfected in
0.25% NaOCl for 60 s, blotted dry, plated on acidiﬁed potato
dextrose agar (APDA) (Difco Laboratories, Detroit, MI), and incu-
bated for 7 days at 24 C. C. kukuchii was easily identiﬁable when
cultured on APDA by purple coloration produced on media and
seed coat whereas P. longicolla needed further steps to conﬁrm and
validate its identity. Identiﬁcation of P. longicolla was based on a
single-monoconidial isolate where 10 individual cultures obtainedFig 1. Combined irrigation and total precipitation expressed below each graph and maximu
TN.from a monoconidial isolate were evaluated for cultural charac-
teristics (Hobbs et al., 1985; Kulik and Sinclair, 1999;Mengistu et al.,
2009, 2007). Each isolate was examined for sporulation, di-
mensions of conidia, pattern of stroma, and the presence or absence
of beta conidia and perithecia (Barnett and Hunter, 1998; Hobbs
et al., 1985; Kulik and Sinclair, 1999).
2.4. Data analysis
Analysis of variance (ANOVA) was performed on the data for
each year using a general linear mixed model with the PROC
GLIMMIX procedure in SAS ver. 9.3 (SAS Institute, Cary, NC, USA).
The ANOVA contained ﬁxed effect for Tillage, Cultivar and Fungicide
main effect, and 2 and 3-way interactions. Random effects were
Block and Block  Tillage. ANOVA treated years or growth stages as
a repeated measure type of subesub unit. To test tillage, cultivar,
and fungicide effects on PSD and PSS incidence over the four years,
Least Squares Means were obtained from ANOVA for percent seed
infection recorded for PSD and PSS. Pair wise mean comparisons
were made between various treatment combinations based on the
signiﬁcance of the F-test in the ANOVA Table.
3. Results
3.1. Weather data
The ﬁeld sites had favorable conditions for infection by
P. longicolla and C. kukuchii (Fig. 1). Total monthly moisture (pre-
cipitation plus irrigation) for June through September was 16, 12, 3
and 18 cm in 2007; 7, 19, 9 and 1 cm in 2008; 12, 24, 11 and 12 cm in
2009; and 15, 20, 11 and 3 cm in 2010. The total precipitation from
June through September was less in 2008 (14.75 cm) than in 2007
(38.2 cm), 2009 (46.5 cm) and 2010 (29.1 cm). The average tem-
perature for June through September in 2007, 2008, 2009 and 2010
was 32.5, 32.6, 28.6 and 32.0 C, respectively. Across growing sea-
sons (June through September) in 2007, 2008, 2009, and 2010 the
number of days the maximum temperature exceeded 35 C werem air temperatures for the months of April through October for 2007 to 2010 at Milan,
Table 2
Least squares means for Phomopsis Seed Decay (PSD) and Purple Seed Stain (PSS)
effects on three soybean cultivars grown in a ﬁeld study at Milan, TN, 2007 through
2010.
Cultivar PSD (%) PSS (%)
NKS39K6 45.7 a 3.7 b
Asgrow 4403 19.1 b 6.1 a
Progeny 5115 23.1 b 6.4 a
LSD (P¼ 0.05) 9.3 2.2
*Column numbers followed by the same letter are not signiﬁcantly different at
(P¼ 0.05) as determined by the SAS GLIMMIX procedure.
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average maximum temperature for each year was August (37.9 C)
in 2007, July (33.3 C) in 2008, June (32 C) in 2009, and August
(34.5 C) in 2010. The average monthly maximum temperatures for
the four critical months of June, July, August and September were
32, 32, 39 and 30 C in 2007; 32, 33,32 and 30 C in 2008; 32, 30, 28
and 28 C in 2009; and 34, 33, 35, and 31 C in 2010, respectively.
3.2. Data analysis on PSD and PSS
On the basis of PROC GLIMMIX, the percent infection for PSD
and PSS is presented as a three-way interaction among years, cul-
tivars and fungicide (Table 1). Analysis of variance for PSD incidence
taken at harvest indicated that there was no tillage effect but there
was a signiﬁcant effect due to cultivar (F¼ 61.2, P< 0.0001),
fungicide (F¼ 7.62, P ¼ 0.01) and year (F¼ 79.32, P < 0.0001), and a
signiﬁcant interaction effect on tillage-by-fungicide (F¼ 6.73,
P¼ 0.02), cultivar-by-year (F¼ 45.6, P < 0.0001) fungicide-by-year
(F¼ 3.98, P < 0.01) and tillage-by-fungicide-by-year (F¼ 3.52,
P ¼ 0.02) (Table 1). Analysis of variance for PSS incidence indicated
that therewas also no tillage effect (Table 1). Therewas a signiﬁcant
effect for cultivar (F¼ 3.72, P ¼ 0.04), fungicide (F¼ 6.2, P ¼ 0.02),
year (F¼ 91.8, P 0.0001) and a signiﬁcant interaction effect on
cultivar-by-year (F¼ 21.97, P 0.0001).
Across all treatments, cultivars had a signiﬁcant effect on PSD
(Table 2). The three cultivars had a high level of infection but the
early maturing cultivar, NKS39K6 had signiﬁcantly higher PSD
(46%) compared to 19 and 23% infections for Asgrow 4403 and
Progeny 5115, respectively, which are later maturing cultivars.
Conversely, infection by PSS was signiﬁcantly higher on Asgrow
4403 (6%) and Progeny 5115 (6%) than NKS39K6 (4%) (Table 2).
Fungicide as a main effect also had a signiﬁcant effect on both PSD
and PSS (Table 3). Across cultivars and tillage, fungicide treatment
signiﬁcantly reduced PSD by 6% while fungicide application
signiﬁcantly increased PSS by approximately 3%. There was also a
signiﬁcant interaction between tillage and fungicide for PSD and
PSS, where fungicide signiﬁcantly decreased PSD in tilled but not inTable 1
Probability of greater values of F resulting from type III tests of ﬁxed effects for
percent seed infection for Phomopsis longicolla and Cercospora kukuchii taken at
harvesta.
Effect PSD PSS
F value P> F F value P> F
Tillage (T) 1.73 0.32 1.95 0.30
Cultivar (C) 61.15 <.0001* 3.72 0.04*
(TxC) 0.09 0.92 0.09 0.92
Fungicide (F) 7.62 0.01* 6.19 0.02*
(TxF) 6.73 0.02* 0.97 0.34
(CxF) 1.75 0.2 0.19 0.83
(TxCxF) 0.86 0.44 1.21 0.32
Year (Y) 79.32 <.0001* 91.8 <.0001*
(TxY) 0.53 0.66 1.47 0.23
(CxY) 45.58 <.0001* 21.97 <.0001*
(TxCxY) 1.54 0.18 1.24 0.30
(FxY) 3.98 0.01* 2.32 0.08
(TxFxY) 3.52 0.02* 1.48 0.23
(CxFxY) 1.14 0.35 1.96 0.08
(TxCxFxY) 0.43 0.86 1.46 0.21
*Indicates treatment effects that showed statistical signiﬁcance at P 0.05 to
P 0.0001evel. The random effects, each nested in tillage, are block (rep),
rep  tillage, rep  tillage  cultivar, rep  fungicide, rep  tillage  fungicide,
rep  year/rep  RS and rep  tillage  year/rep  tillage  RS.
a The MIXED procedure of SAS was performed where the ﬁxed effects are the
main effects and all interactions of tillage, cultivar, fungicide and year/RS (Repro-
ductive Stage).no-till (Fig. 2A) and fungicide signiﬁcantly increased PSS in no-till
but not in tilled plots (Fig. 2B).
Year contributed a signiﬁcant effect on the level of PSD and PSS.
The highest percentage of PSD seed infection occurred in 2009with
55% and the lowest infection was in 2010 (4%), while the highest
percentage of seed infection for PSS occurred in 2009 with 15% and
the lowest infection occurred in 2007 (1%) and 2008 (<1%)
(Table 4).
The effects of year-by-cultivar interaction on PSD and PSS are
illustrated in Fig. 3A and B. PSD ranged between 0.7 and 88%
indicating signiﬁcant environmental differences among years.
Among the four years, NKS39K6 had the highest PSD level (88%) in
2009, followed by Progeny 5118 in 2007 and NKS39K6. In 2008,
2010, Asgrow 4403 and Progeny 5118 had the least amount of PSD
(Fig. 3A). The effect of year-by-cultivar interaction on PSS is shown
in Fig. 3B and differs from that of PSD. In 2009, Progeny 5118 had
signiﬁcantly (P¼ 0.05) higher PSS (22%) than either Asgrow 4403
(18%) or NKS39K6 (4%). In the four years tested, Progeny 5115 had
the highest PSS (22%) followed by Asgrow 4403 (18%) in 2009 and
NKS39K6 (8%) in 2010. The PSS ranged from 1 to 4% for NKS39K6,
0.3e18% for Asgrow 4403 and 0.7e22% for Progeny 5118.
The signiﬁcant year-by-fungicide interaction (Table 1) indicated
that fungicide effects on PSD level varied by year (Table 5). The
highest level of disease (60%) occurred in 2009 on non-treated
soybean. Even though fungicide reduced the level of PSD within
each year, its effect was not a measurable effect in comparison to
the non-treated. Conversely, fungicide treatment signiﬁcantly
increased PSS (17%) in 2009 compared to the disease level in non-
treated soybean (12%). Except for 2008 when PSS was the same
(0.7%) for treated and non-treated, fungicide treatment raised the
severity level of PSS in three of the four years (Table 5).
There was a signiﬁcant tillage-by-fungicide-by-year interaction
on PSD (Table 6). Analysis of mean square values within tilled
treatments indicated that fungicide signiﬁcantly reduced PSD in
2007 but not in 2009. However, no difference in fungicide appli-
cation was detected in no-till treated and non-treated plots.4. Discussion
Results from this study indicate that in the absence of fungicide,Table 3
Least squares means of Phomopsis Seed Decay (PSD) and Purple Seed Stain (PSS)
effects from fungicide treated and non-treated plots under ﬁeld conditions at Milan,
TN, 2007 through 2010.
Fungicide PSD (%) PSS (%)
None 32.1 a 4.3 b
Treated 26.3 b 6.5 a
LSD (P¼ 0.05) 3.0 1.2
*Column numbers followed by the same letter are not signiﬁcantly different at
(P¼ 0.05) as determined by the SAS GLIMMIX procedure.
Fig. 2. Least squares means for tillage-by-fungicide interaction on PSD (A) and PSS (B)
under ﬁeld conditions at Milan, TN, 2007 through 2010. Bar graphs with same letter for
each disease are not signiﬁcantly different at (P¼ 0.05).
Fig. 3. The interaction of cultivar-by-year effect on seed infection by PSD (A) and PSS
(B). Bar graphs with same letter for each disease are not signiﬁcantly different at
(P¼ 0.05).
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and PSS indicating that the no-till plots did not enhance or reduce
the severity of these two diseases. In fungicide treated plots,
however, PSD was reduced by 32, 35 and 28%, in 2007, 2008 and
2009, respectively but not in 2010 (Table 6). This is in agreement
with the report by Mengistu et al. (2014) on Cercospora sojina, the
causal agent of frogeye leaf spot of soybean that fungicide did not
signiﬁcantly reduce disease severity under no-till, but did in tilledTable 4
Least squares means for Phomopsis Seed Decay (PSD) and Purple Seed Stain (PSS)
effects of years in a ﬁeld study at Milan, TN, 2007 through 2010.
Year PSD (%) PSS (%)
2007 43.4 b 1.0 c
2008 14.7 c 0.7 c
2009 54.6 a 14.8 a
2010 4.0 d 5.1 b
LSD (P¼ 0.05) 7.0 1.5
*Column numbers followed by the same letter are not signiﬁcantly different at
(P¼ 0.05)as determined by the SAS GLIMMIX procedure.plots. The trend of responses of the cultivars to PSD was directly
opposite however, to the response of PSS. This is in agreement with
other reports (Roy and Abney, 1976, 1977) that indicate signiﬁcant
negative correlations between incidence of seed infection by
C. kukuchii and Phomopsis spp. suggesting an antagonistic interac-
tion in which early Cercospora infection inhibits infection or colo-
nization by Phomopsis spp. This is found especially with soybean
genotypes that are very susceptible to Cercospora seed infection
(Roy and Abney, 1977; Hepperly and Sinclair, 1978; Pathan et al.,
1989).
The moisture from irrigation and precipitation during this study
provided conditions for seed infection with PSD and PSS across
years, cultivars, and treatments. For example, in 2007 and 2009 the
greatest seed infection from PSD occurred across cultivars, tillage,
and fungicide treatments (Tables 5 and 6). This may be due to
higher moisture levels in 2007 (18.4 cm) and 2009 (12 cm) than in
2008 (1.1 cm) and 2010 (3 cm) that provided favorable conditions
for PSD development at the time of seed maturity (Fig. 1). In the
case of PSS, seed infection was highest (15%) in 2009. In 2009 the
number of days when precipitation occurred in September was less
(5 d) while it was more (8 d) when precipitation occurred in 2007.
The precipitation in 2009 was 16.3 mm less than in 2007. There
were 29 days when the temperature exceeded 35 C in 2007 while
it exceeded this temperature for only 11 days in 2009. The lower
temperature and precipitation events in 2009 compared to 2007
suggests that these conditions would favor more PSS than PSD. It is
possible that the 2009 environmentmay have had a favorable effect
on PSS seed infection. Thus fungicide application to minimize the
level of PSDmay inﬂuence the level of PSS or vise versa, making the
Table 5
Effects for fungicide-by-year interaction on Phomopsis Seed Decay (PSD) and Purple
Seed Stain (PSS) in a ﬁeld study at Milan, TN, 2007 through 2010.
Year % PSD % PSS
Non-treated Treated Non-treated Treated
2007 48.9 ab 38.2 b 0.5 d 1.6 d
2008 15.8 c 13.6 c 0.7 d 0.7 d
2009 60.4 a 48.7 ab 12.4 b 17.1 a
2010 3.3 c 4.7 c 3.6 cd 6.7 c
LSD 0.05 13.1 3.3
*Column numbers within each disease severity followed by the same letter are not
signiﬁcantly different at (P¼ 0.05) as determined by the SAS GLIMMIX procedure.
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Fungicide application did not reduce PSD infection in no-till
plots. This may be attributed to a greater level of inoculum in no-
till compared to till plots as PSD was signiﬁcantly reduced
(P¼ 0.05) in only one (2007) of the four years (Table 6). The sig-
niﬁcant fungicide effect on PSD in tilled plots but not in no-till plots
may be that it is selecting for different strains of P. longicolla (i.e.
more aggressive strains or fungicide resistant strain). However,
further research investigating the possibility of selection pressure
on P. longicolla from cultivation needs to be conducted.
This study is the ﬁrst to report that disease severity of PSD did
not differ between no-till and tilled systems in the absence of
fungicide. It is also the ﬁrst report of an increase in PSS severity
with the application of fungicide regardless of the tillage system
used (Table 6). Thus, the recommendation to reduce both PSD and
PSS severity by tillage and fungicide needs to be reconsidered in
light of this study where conservation tillage is typical in soybean
production systems. Our results suggest that a strobilurin fungicide
application will reduce PSD severity in tilled but not in no-till
systems and C. kikuchii should be further monitored for shifts in
QoI sensitivity as QoI resistant isolates of C. kikuchii have been re-
ported in Louisiana (Price et al., 2013). Price et al. (2013) found
approximately 89% of C. kikuchii isolates tested from Louisiana to be
resistant to QoI fungicides.
Additional research is needed to better understand the impact of
tillage and fungicide effect particularly on PSS and how environ-
mental conditions inﬂuence C. kukuchii populations and the
resulting disease severity.Table 6
Effects for fungicide-by-year-by tillage interaction on Phomopsis Seed Decay (PSD)
and Purple Seed Stain (PSS) in a ﬁeld study at Milan, TN, 2007 through 2010.
Year Tillage Fungicide PSD (%) PSS (%)
2007 No-till None 43.5 ab 1.0 e
2007 No-till Treated 46.7 ab 1.8 e
2007 Till None 53.8 a 0.0 e
2007 Till Treated 29.8 bc 1.3 e
2008 No-till None 15.1 cd 0.0 e
2008 No-till Treated 16.4 cd 0.4 e
2008 Till None 16.4 cd 1.3 e
2008 Till Treated 10.7 cd 0.9 e
2009 No-till None 60.9 a 12.0 bc
2009 No-till Treated 53.8 a 20.0 a
2009 Till None 60 a 12.9 bc
2009 Till Treated 43.6 ab 14.2 b
2010 No-till None 3.6 d 4.9 ed
2010 No-till Treated 4.4 d 8.0 cd
2010 Till None 3.1 d 2.2 e
2010 Till Treated 4.9 d 5.3 ed
LSD (P¼ 0.05) 18.6 6.1
*Column numbers followed by the same letter are not signiﬁcantly different at
P¼ 0.05 as determined by the SAS GLIMMIX procedure.Acknowledgment and disclaimer
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